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The eye 00¥e*^Eti o£ two colieg^ie graduates were 
aaaitored in a atudy of flexible readingp which is defined as the - 
ability to adjust one'srate and approach to reading accDraing to the 
.parpoae of reading^ the difficulty the materiair and one ' s 
.icnoifledge of the subject matter* The subjects we^e told to read an 
excerpt froa a tenth grade biology text^Mf4 a^ if it were a homework 
assignaent.* They were teated with detai^^ Issay and muitiple choice 
questions after reading the selection twice. The firs^-reading data 
shewed that subjects slowed down for ideas thajt tended to be 
recalled^, for important id^as^ for ideas that contained hew or 
unfaniliar inforoation, a^d for ideas Containing a nigh numb^er of 
irepositions essential to the giat of that i4ea, Anaiyses of", the 
changes between first and second readings showed that .the; difference 
rate was correlated with .*neaning unit importance ratings^ the average 
iipportance of propDsitions in an, idea ^ the propositions essential to 
%hm qxm% of an idea^ and serial position* ^he overall pattern of 
correlations showed that the subjects read- important ideas 51 wocde 
per minute slower , and unimportant Ideas 8^4 words per'^ ainute faster on 
the, secbnd reading; than they did on the first reading. These data 
support the notion that macro and micro variations in eye movemerit 
patterns resulted from . flexible reading strategies under voluntary 
Control* (RL) * . ^ \ ^ 



^ ^ Be.pcoductions supplied by EDES are the best^tkat can^ be made, * 
^ ^ from the original document. ^ 
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When-^askfd \ta charactefUt superior readers^ iducaCors single oat ^ 
f lexlfiti^ rmaitngK '*'tha^^^ ^d^^ one's rate and approa^ to reading 



wlt^>tht pifrpdte of rea with the dlffleulcy of MCerlal, and with 

^baakg'^Qund ©r ^ of the ^rtleular subject matter" (Wetntraub, 

1977, jsee alioFliher & Montanary, 1977| Harrli ASlpay, 1975; and 

Tinker, -1547)* Oespitt. Its Importance, vei^ little Is known aboxit \ - 
adAp'tabie reading stra,cegles and as a result , edueators have not developed 

- \ ' ' ' ' ■■' ' * ^ . . ^ ' » 

effective leison plani for teaching It* One reaaon la that fleKlblllty h^ 
beart threat ed a modulating single itrategy when It Is In. faet; a aqi^pund 

of fundamental component strattgles repreienClng iucsesilve stages In the 

- - ^ . V ■ ■ " " ■ ' . ~ 

ae^iulsltton process* In the presen^t paper wa use eye mdvemant records to 
analyze and parse out components of fleKlble reading* / 

Some researchers have examined flaxlblllty as a betweitt passagt^ 
itrategy using ^total reading time over an entire passage as their main — 
response measure where typography and content' were varied (cf. Fisher , 
/l976i Rankin, 1974)* We,, on the otltar^hand, follow the lead of Shebllske 
and Reld (1979) who used eye movement records to analyse aomponents of ' 
flexible . reading within passages. Shebllske and Raid baaed their analysis 
on a readirtg model according to whlch'^fe movements are controlled by 
recbgniclon* and comprehension. Recognition jDrocesses map light patterns 
onto surface structural units corresponding to letters i.lyllables, 
ientfences, and paragraphs. (Several recent reaffirmations of the Influence 
&f recognition processes on eye mov^eraehts have bfeen Mdev(cf. Just and 
Carpenter , ;1980; Rayner, 1978). ComprehentelQn processes map the output 
from recognition processes onto conceptual representat Ions and build 
concfptual units Into structured rnternall^ed representatflons* 



ShebtlskR ahd Reld provlrfed support that /Che compriiieniion prpcesses 
^Influence eye^jnovaments by shlv 



1 



ping Chat studa^nta rtadlng a 2000 word 
riarraElve rflow dowri whan reading aanttnces^ pac ara indirectly relab^ to 
higher-drdar conceptual units than they dOy/o^^;^M that^^ dlreetly 

related^ but when these aame sentencea wej^e read out of^ eont^t, no 
dlffarence was fqund. They argued that /fche4^ eontextual^ 
rapresented co^ponenta of Inrra-paaaagr fi|txlbl they compared 

Infra- with inter^paasaga f laxlblllty/th^ foiiTid y^slgiUf leant positive 
corralatlon.* The present itu^ exCend^/eye moyemant maasures of the 

tpf\ textbook reading- " 
to meaaura cQrappnahts ©f flexible 
and 2) apectfylng^ relevant 
teat ^ for any reeommended solution 
stica ean be used to shed light 
we^ tested units and their . 
multlpdlaclpllnary team effort* - 
d from the polnf of view that what 
uthor has written and therefore the 
way# Ideas are aegmantadi and characterlatles like Importanee and 



spthaalzad fle^lbi'lity and a 
Two prpble,ms must be solv 
reading: ./^l) defining, units of 
cliaractg fist lea of those unlta 
is whethjir or nat the unlta ant 
on ^adaptable reading* In the /^r 

t : i • / 

■ " i- * ^ '* i 

charaeterlaclca that were de 
The unlta and eharaeterlsti^, 
Is read ii as Important a# 




famlXlarlty are^ axp^ctfed to be revealed In changes In eye movement dynamics 
Ilka fl,Katlbn duration, f frequency and distance between subsequent ^ 



fixations. 




Methods 



Sub jects ^ Two t4chnlcal staff employees, afr the ffuman Engineering 
Laboratory volunteered to participate In our eKperlment- Both had* received 



undergraduate collpgfe degrees In areas other than biology. 



■J. 



* Apparatus and HaCerlals* Ha measured eye mbvemtnCs with Che- / ' 
oeutofBetar Ipea^d at Uie B^ayloral* Rsiaareh Df^^ 
Engineering Labdratdry.i^aC Aberdeen .Provli^g''Grb4and, Maryland* Further ' , 
detalli on this free viewing system ate reported by Mdnty <1975). fading 
material wM projectid onto a 24" X 50" aere'ert located 1*7 meters in front 



of readers who sat in an .eas^chair without head rrfitralnta. Since all' 
ceaordingVtqulpment wai located in a separata roonij subleeta were hot aware 
that their eye moveTnertti were b«ing'T!Bnlcored., Calibration was 
accOQpllshed in tasks that did not give away Its^true purpose. Horizontal' 
eye position was_ measured with an aceuraey of apprbximataly 1^ ^4 letter / 
word)| and vertical eye *^pos It ion was maasured with an accuracy of 
appro3^imately P (one line)* This TV baaed monitoring syatem utilises a 
and POP 11/SO for pupil/iris acqOiaitlon and on--line analyais, 
A Tektronix hard edgy unit provides *scan-patterne of segmented flKations* 
. The text was a 2866 wc^rd excerpt from a tenth grade biology textbook 

- - * ^ . s ' 

(BSCSp Greej Version, 2nd edition)| typed in pica and double spaeed with 
about IS linps per page. 

Proced ure* Sabjects were told to read the excerpt as they would 

, ■ -- ■ ■ ? ^ ■ ^ . ^ , 

ordinarily read such a passage for a homework assignment* Thay proceeded 

■ ^ - V ■ ^ \ - ■ ■ % 

At their own pace pushing a button to advance slides to new pages. They 
were told that they would be taited with detailed estay and multiple choice 
questions and that they would have an opportunity to l/eread the text before 
the test. Tests of paraphrascic recill and multiple-choice followed the 
second reading. , ^ 

Results * . 

Styeral preliminary analyses assessed the representativeness of our 
two readefs* Recairs proved comparable to those given by University' of 




4mBtGs In puc previous txpeflmehcs and' that- reading rates 
tf? solttge student nofmi. One read^if avtrage^d 232 Wbrds 

the /other averaj 



Ifst feadlng and 



faged 335 i/ords per 



mrtil^ sveiage reading rates for cellege itudenta Is about 280 words 

mtrfiite ^eir^^sy material (Taylor, Prankenpohl, § Pette, 1960). 
SeMt ^aths and digital ree^dSi like those in' Figure 1 * of ericlcal 
^p^imt^ifs of each fiKatlon like duration, Ipcatlon and dlitance from 
;i avij ,v fixation were analyzed* Eaeh reader produced nwre . than twelve 
cnou^ianu date polnti for eaeh reading, lb overeome a-potentlal; \ 
overwhjelmlng problem a hierarchleal .method of data analysis was devised.. 
First it^aly^ed were macro-level aggregates of eye movements, then the 
mlero^parameters of .Indlvldtial fixations* . 

^ . ^ " ■ .,. 

TTie^ fflacro^level' analysis- measured modulatldns In reading rat^e as a 
furtcHon of meaning unit charaeteristlcA. For ,eaeh meaning unit three 
scores were averaged over both subjects! reading rater for the first 
and aeednd reading^, and the dlfferenee In rate between the Jlrst and- 
iecQnd^-readlng* ' Thest data^were then correlated with the f Irst^'^readirig 
rate and the difference rate with the 18 meaning unl,t chafacterlatlca shown 
In Table 1". f ' . y ' 

-J - ■: ^; \^ — — — ' ■ ^ ; ^ 

' Insert Table I about here ' 



The results of the analysis of the first reading data. showed that ' 
subJects"'Slowed down for id^as that'«endad to be recalled (t_ -^.^12, £ - 
CIS), for important Idgas C£ ^ "'•17, j ^ <*0X), for ideas thar contalneff^ 
new or unfamiliar infarmatlon (r ^ .22, p^^ <.03^, and^ for Ideas containing 
a high number of prepositions essential ^to the gist of that idea (r ^ 



Analyaes of the changes betwien fir.«C arid second readings ' ihowed that 
Che differenee rate Was correlated With meaning unit Importaftce ratings 
(r ^ .44, ^< ,001 ) i^^he average importance of propos'itioqs in-an idea ^ 
.5^, £<,001), Che propoiitions essentiat to the gist of a% idea (r ^ .30| - 
p<,Ol)VamJ ferial poaition (r ^,28j ^<*01)i The correlation with sfrial 
pbsicion indicates that on a aecdnd reading suhjects slowed down more 
towards the end of the passage^ One possible explanation for this is that 
there was more important inffonriatioh ne^r the end of, this passage. 

The overall pattern of eorrelations shdw ;that readers modulate thiir 
rate in accord with the familiarity (old or. naw)y of information on the 
first reading, spending more time on new i'nformationi^ and to whether 
information ia viewed as Important or unimporCant on the second rrading* 
The m.ean reading rates fo? importdnC "vs, unimportant ideas are of special 
Interest* On Che first readings 'thev subjects read important and 

unimportant ideas at rates of 280 wpm^ an.^ 2|8 respectively, ■ On the 

• . ' ■ \ '^\' ^ ^ ' \ ^ ^ ' " ■ \ _ ' ... ' 

second reading^: they read imptfrtant ideas at the rate of 229 wpm and ' . - 

"s. _ ^ ^ \ ^ " ^ . / 

unimportant ideas atf the rate of 372 wpm, That^iSp these subjects read 
important ideas 51 wpm slower and unlmpprtaht;' ideas 84 wpm faster than they 
did ^n the first reaHing , ' Even with two subjects , 'the test of this 
interaction with a; t test with idea "units as -the random variable, resulted 
in a positively biased but significants ^ ' 3/60, p<.Oplj effect 

giving power to our finding. ' * ' 

since /importance was the most influential meaning" unit eharacteriaC ic 
in our macro^analysia of aggr^ated eye movement s , *a microf analyses of 
individual eye fixafcions cornparing fi^eations on import^int and unimportant 
ideas .^followed* Differences in fixation duration, number of regreasions , 
and interf ixat ion disCfnce were analyzed. On first and second riadings 



'.■V,- ■ .■ -..^ ' : ■ ■ ■ ■ ■ ^ ■ •••■■\v •■tvt ■■ 

iimiUr trends ippesred,^ Readers had longer Eixat ions artd mDye\ r€gtBs;s,i^ 
on "iinpor£anC ideai .while intirf iKatian distances *ware rilativevl^ eonif^^t . 



Mora ipecifi&aUyj U mean fixat ion durac ions, of 276 maee. fo^ imporfeine 
ideas vs, 240 msec. Cor unimportant, 2) 4 regfejaions per important unic^^" 
va * 1 regress idn per unimportant unit, and 3) average interf ixatVon 
distanees of/4, 28 degrees for important ideas ySt 4,46 degrees fc 
.unimportant oneSi It was not infrequently that readers finished a\ meaning 
^unic ba/pti^ deciding to slow do^m and take another look, at it , Thi\ 
verification proeaas was also evident when they came to the last wory in a 
"unit (most likely ah important unit) and then, made i large regressionV 
somefiraes baek to the first word in the ideat 'This result nat only\rey^als 
an interest ing reading strategy and provides ^support for comprehenaiqn \ 
effecta, but also adds eonstruct validity to our meaning units, \ \ ^ 

^ Discjusaion . ' . 

The data reported support the notion that macro and miero variations 
in eye movement patterns result from flexible reading strategies under \^ 
voluritary control. At times the variations correspond to and seem \ 
decer^mined by the tent, i^iile at other times variat ions reflect the ■ 
subject ' s view of important information. That is, subjects could have read' 
important and unCamiliar material faster if they had chosen to do so. 
This interpretation will be further tested in future experimenti that will 
manipulate variables like the purpose for reading, background knowledge, 
tqxt redundancyi and end of 'sentenct/ idea unit integration time. 

The proapects for future research are especially bright considering 
that adaptability and generalicy of our reader-based procedures for 
utilizing and characterising reading in applied content area settings, 
Karmiohl (1979) raeently ^owed 'that reader-abased procedures can detect 



. variat ions in perceived text strueture;- that ; occur in a wide range of 
, contexcs like reaSiins a passage on ffla?;k'^tiing to business sCudeflCs or to*i^\ 

psychology students. Recenc preUrainar^' studies using Karmiohl's material 
•showed that readers move cheir-eyes difeerently depending upon How they , 

perceive the text structure. The adaptability of our reader-baaed 

procedures contrarfc sharply wich the Jimittationa of formal texc irammars. 

being used to unitize and characterize texts in other laboratories (e,g. 

JusC & Carpenter, 19^). Formal grammars 'measure 'only the sCructure that 

an author puts into a text; -they do not meaiure Che structures the readers 

seeTn a'Cext (cf. Shebils^, l^ 

. While a formal text grammar applies to one idiacourae style, others in 
our research group have identified- and measured a variety of discourse 
styles in texCbooks (cf. Deese, IMO). The adaptability and generality of 
our approach makes it parcicularly well suited for studying individual' 
differencas based , on background. Background effects were shown in the 
present fCudy when scudencs regulaced their eye mo\f erne ats according to 
whether information was ^Id or new. Individuals also differ in their 
familiarity with various styles of discourse and in their ability to 
discover modifiers and to make inferences. The present study represents a 
starting poinf from which to mO¥e toward comprihensive analyses of 
individuals' performance, , ' » 

Ipecific recpmmendac ions for teaching may be premature , but some 
suggestions for application are appropriate and timely. This project is 

based 4ipon che -^critieal assumption chat, the mechanics of reading are 

'i • 

largely controlled by the level of uriderstanjing and nqt the other way 
ardund. ThereEorep the path of previous attempts to improve reading by 
improving tbe-mechanics of eye^ movements (cf. Tinker ,. 1958) goes counter to 



our purpose* For the mosE part, eye movertient measures wilu'Temain in the 
iabo^tory and provide one of ieveral convergtn^ oparationi used to irifer 
effeccivii| flexible reading stracegiai. Our goal will be Co eneourage the 
uae of flexible sCrategias on the part of the reader and to inEorm the text 
writer and produear about the facilitory aipaets of more efficient text 

analysts. At the classroom level we are coordinating our reaearch efforts 

p . ; ■ ■ ~ . . . ' ^ ^ 

with teachers in an actempt to malce our data a .sound empirical foundation , 
for developing effectual Itsson plana for teaching fl'exibla' reading . 
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Tab'U 1 , 
MEANING aNIT CHARACTERISTrCS 

1. ^^U Recari^^ Proportion of Subjects Recalling MU. 

2. MU Importance Racing* 

3. Average Importance of ProposiCLons in MIJ. 

4. Number of Proposicions in MU . 

5. Number of Words in MU . 

. NumbeL- of P r opu a i L Aw u 3 KaaeiiLLal Lu Ul^L 

7. Nutnbef of ImporCanG Proposicions. 

8. PropurLigri of Piuj^^uaiLiuno t^aacjiLiul l., uiSt 
i PtupOLtion wC Impwt^CauL FLUpOSiLiju-, 

1 u b e fe I J i P 3 i L i M 1 1 i i i i ^ L 

li baClai PwalLljii 1 1 .n 5 ^- 4 i , , . i i . ,^ L .j . ^ 

i I □ ^ i A J 1 r , J i L i . . , L , , .,4 L . , .| ,,4 :j i i . . 

i j ii , 4iL ... L ^ . . i . . . . i . t .. , . , , . 

i 0 r * ^^p.^ i i , . t j = I . i .4 . i a ^ , 1^ 5 , 
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